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Abstract: Multisource assessment (MSA) uses multiple assessors to provide feedback. Little is known about the validity of using 
MSA feedback for improving students’ ability to self-assess in a preclinical environment. Therefore, the aim of this study was to 
measure the validity of using a defined reflective process involving an MSA tool for building skill in dental students’ self-evalu-
ation of caries excavation on extracted teeth. As part of this process, 104 first-year students at one U.S. dental school used a self-
generated study plan (SGSP) for structured reflection on MSA feedback during the 2013-14 academic year. Interrater agreement, 
determined through calculation of percentage-agreements in scoring, was measured among three assessor groups (self-, peer, and 
expert assessors) in formative assessment and between two assessor groups (self- and expert assessors) in summative assessment 
two weeks apart, allowing for reflective practice and completion of an SGSP between assessments. Validity for improving  
self-assessment was determined by measuring significance in positive shifts of agreement between self- and expert assessors.  
The results showed that interrater agreement between the self- and expert assessors increased significantly: from a 28% agree-
ment in formative assessment to a 60% agreement in summative assessment. Significance in percentage shifts between assess-
ments was demonstrated with a McNemar score of 0.26 (p<0.001). These results suggest that the described MSA tool and reflec-
tive process in an SGSP may be valid methods for improving skill in student self-evaluation of competence in caries excavation 
on extracted teeth. 
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Reflective learning allows students to criti-cally think through experiences and feed-back gained in their learning environment. 
Student-led approaches have been found to promote 
reflective learning.1-5 Such approaches include 
peer assessment, peer group discussion, and self-
assessment.6-8 Optimizing assessment strategies to 
determine dental student competence in clinical tasks 
by using student-led approaches has been of interest 
in dental education over time.9 
Multisource assessment (MSA) is one way in 
which student-led approaches have been applied. 
This approach involves one or more assessors pro-
viding an evaluation of student performance, based 
on established grading criteria.10 MSA is useful in 
formative assessment, a method designed to pro-
vide feedback for the purpose of helping students 
identify problems and improve their skill in clinical 
procedures based on reflection.11 Summative as-
sessment, by contrast, is generally a comprehensive 
evaluation of student performance at the end of a 
unit of study for the purpose of assigning a grade.11 
As students improve their skills through reflective 
practice based on established grading criteria, they 
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ward expert “gold standard” assessment. The experts 
were dentists who had received approximately five 
additional hours of assessment training specifically 
in caries removal. These experts served as instructors 
throughout the course. 
Data collection took place in a simulated 
dental facility with 104 first-year students in their 
first Clinical Foundations Course of the predoctoral 
(DDS) program of the 2013-14 academic year. The 
caries removal component of this course spanned 
six weeks during three-hour weekly sessions. Dur-
ing this time, manual dexterity (handpiece use and 
control with and without direct vision), rubber dam 
isolation, and mixing and handling of bases and 
liners were addressed in addition to caries removal. 
This first-semester, 14-week course was taught by 
14 faculty members, each acting as an EA, in an 
8:1 student to faculty ratio. After the first four-week 
process of initial skill development, students com-
pleted a formative assessment consisting of an MSA 
involving SA, PA, and EA, ultimately leading to an 
SGSP. Students were expected to use this SGSP to 
improve their performance in caries removal over 
a two-week period prior to summative assessment 
using the same grading criteria.
Instruction in Caries Removal
The caries removal exercise used in this study 
took place on extracted teeth processed according 
to the infection control protocols of the Centers for 
Disease Control and Prevention (CDC) regarding 
academic use of extracted teeth in dental laborato-
ries.15 In preparation for their clinical skill develop-
ment in caries removal, students viewed a one-hour 
lecture on caries removal steps and a series of six 
videos for guidance on clinical procedures in caries 
removal. This guidance included how to mount cari-
ous extracted teeth in plaster cups, allowing access 
to natural coronal tooth structure for the excavation 
procedure and for carious lesions to be kept moist, 
as well as traditional armamentarium and clinical 
sequence for this preclinical procedure including 
turbine handpiece and various carbide and diamond 
burs for preparation of the convenience form (where 
appropriate), slow-speed handpiece and carbide 
round burs (sizes 2, 4, and 6), and spoon excavator, 
size S1. Since cavity design is influenced by the 
location and extent of caries present and choice of 
restorative material, this exercise focused solely on 
clinical localization of caries, a component of conve-
nience form obtaining access for caries removal, and 
should also improve their understanding of those 
criteria. Ultimately, reflective practice is necessary 
in the novice to expert continuum, allowing students 
not only to improve in demonstrating competence in 
any set procedure, but also in their self-evaluation of 
that procedure.12 
MSA tools are instruments designed to promote 
reflective learning on feedback provided in forma-
tive assessment; however, limited evidence of their 
adoption for competency assessment in dental educa-
tion was noted by Shumway and Harden in 2003.13 
One reason for this may be associated with dental 
educators’ lack of confidence in using student-led 
assessment tools.14 Indeed, a lack of trust in this form 
of assessment may block the adoption of innovative 
approaches for advancement in clinical education as-
sessment strategies. Therefore, the aim of this study 
was to measure the validity of using a defined reflec-
tive process involving an MSA tool for building skill 
in dental student self-evaluation of caries excavation 
on extracted teeth. This process of formative assess-
ment utilizing MSA was facilitated using a novel IT 
application developed to concurrently manage and 
integrate independent assessment from multiple as-
sessors. The outcome of this process was a student 
self-generated study plan (SGSP). Our operational 
null hypothesis was that the application of MSA 
and the reflective process of an SGSP would have 
no effect on development of dental students’ skill in 
self-assessment between formative and summative 
assessments of the same procedure two weeks apart. 
Materials and Methods 
This study received exemption status from the 
University of Michigan Institutional Review Board 
(#HUM00087187). This analytic observational study 
involved quantifying the relationship between a 
structured reflective process on multisource feedback 
and its effect on ability to self-assess. To accomplish 
this, student reflection on multisource feedback from 
three independent assessors—expert assessor (EA), 
self-assessor (SA), and peer assessor (PA)—in a 
formative assessment of student performance in a 
common clinical procedure took place two weeks 
prior to a summative assessment of the same clini-
cal procedure. For this study, caries removal was 
used because it is one of the first clinical procedures 
on which students are evaluated in the curriculum. 
Measurement of improving ability to self-assess was 
achieved by comparing movement of SA scoring to-
January 2017 ■ Journal of Dental Education 89
practical skill and knowledge regarding detection of 
soft leathery caries directly over pulp chambers and 
identifying when pulp exposure is a risk. 
This process allowed time for students to gain 
multiple experiences based on pre-established grad-
ing criteria in this procedure and to receive verbal 
feedback from experts. Within this learning period, 
each week included a three-hour faculty-facilitated 
lab period, as well as non-facilitated after-hours ac-
cess to the simulation lab to perform multiple caries 
removal exercises on extracted teeth using the same 
grading rubric. After this four-week period of initial 
skill development, the formative assessment in caries 
removal with MSA took place, with PA and EA pro-
viding independent feedback. Because of this more 
complicated interaction, an IT system for managing 
formal feedback was used in assessment periods, 
including both formative and summative types. At 
this stage, students were asked to reflect on feedback 
generated in the MSA process by comparing the 
provided scores and comments with their own SA of 
the same performance in caries removal. 
Students were asked to submit an SGSP 72 
hours after the formative assessment period, leaving a 
two-week period in which three-hour weekly lab ses-
sions continued for reflection before the summative 
assessment. This summative assessment involved SA 
and EA only. It did not include PA due to sensitivities 
students may have with peer involvement in sum-
appropriate sequence of removing caries. Concepts 
of cavity design are addressed later in this Clinical 
Foundations course after the caries removal segment. 
Carious lesions in any part of the coronal re-
gion were considered for the excavation exercises. 
Students were instructed to take the following steps 
for caries removal, based on guidance found in stan-
dard textbooks and consensus recommendations: 1) 
identification of large cavitated carious lesions (use of 
radiographic detection was omitted for this exercise 
on extracted teeth); 2) establishment of convenience 
form to access caries for removal (the external outline 
in this case); and 3) removal of soft infected dentin 
based on operator’s tactile sense of soft leathery 
dentin.16-18 The removal of infected dentin took place 
in two steps: 1) intermittent peripheral removal of 
infected dentin, and 2) central removal of infected 
dentin directly over the pulp chamber (Figure 1). 
Should there be risk of pulp exposure with removal 
of all soft infected dentin centrally, only partial caries 
removal took place directly over the pulp chamber. 
Where an indirect pulp capping procedure was 
indicated in this clinical scenario, the indirect pulp 
capping procedure was omitted from this compe-
tency assessment on caries removal, as assessment 
of indirect pulp capping procedures take place later 
in the course. Multiple experiences of caries removal 
on extracted teeth in the first four-week period of 
caries removal exercises allowed students to gain 
Figure 1. Example of steps for caries removal
Note: Images from 22-minute video on caries removal shown to both students and faculty as a calibration exercise for caries removal. 
Panel A shows caries removal at the periphery with a slow-speed handpiece no. 2, 4, or 6 round bur. Panel B shows caries removal of 
soft infected dentin centrally with S1 spoon excavator, with careful attention not to open pulp chamber.
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presented for calibrating exercise and for the purpose 
of standardizing scores among all assessor groups 
prior to and during both formative and summative 
assessments. These grading criteria are regularly 
updated based on evidence each academic year and 
applied across the curriculum. 
Training in interpretation of the grading criteria 
for the specific preclinical procedure was provided 
to all assessor groups (SA, PA, and EA) in initial 
learning sessions. The preclinical lab was arranged 
in rows of 16 students who were assigned to a team 
of two faculty members in order to encourage ap-
propriate interpretation of the grading criteria for 
caries removal. Before the practical component 
began, a series of six videos were viewed by faculty 
members and students as a calibration exercise based 
on grading criteria prior to beginning caries removal 
on extracted teeth. These videos were available to 
both groups throughout this period concerning car-
ies removal to reinforce both faculty members’ and 
students’ understanding of the grading criteria for 
this clinical skill. As each student also acted as a PA 
in the formative assessment period, these four weeks 
allowed for extensive calibration in which the rubric 
provided standardization and guidance for calibra-
tion on the rubric. Figure 2 shows an ideal student 
mative scoring. For this reason, data analysis of any 
shifts in peer scores was not carried out in this study. 
Furthermore, analysis of any shifts in peer scores 
from formative assessment to summative assessment 
was not part of this study; therefore, summative peer 
scores were not needed. 
Assessment Rubric and SGSP
The rubric used was designed for continued 
use across the curriculum, including both preclini-
cal and clinical learning environments to prepare 
students for assessments on real patients. Therefore, 
caries removal on extracted teeth was chosen over 
using artificial standardization of carious lesions on 
plastic teeth. This detailed rubric was implemented 
using an RSTV grading system (R=clinically ideal, 
S=clinically satisfactory, T=clinically acceptable 
after modification, V=not clinically acceptable and 
must be repeated) addressing three specific grading 
criteria (convenience form, caries removal at the DEJ, 
and caries removal in dentin) (Table 1). Scores were 
provided for each grading category, and a summation 
of scores in each grading category produced a per-
centage that defined the final score (>60%=passing 
grade). On the rubric, the grading criteria are clearly 
Table 1. Grading rubric for clinical competence in caries removal
  External Outline Form  
 Grade (Convenience Form) Caries Removal at DEJ Caries Removal in Dentin
 R External outline No caries at DEJ  No overcutting 
 Clinically Ideal appropriately sized   Small amount of caries left in 
  for extent of caries  deepest, most axial or pulpal part 
    of preparation OK if identified 
  (30) (35) (35)
 S External outline slightly Isolated areas of caries Slightly too much caries left in 
 Clinically Acceptable over/underextended for  remaining at DEJ (<10%) deepest, most axial or pulpal part 
  extent of caries in non-critical area of preparation 
    Removal of slightly too much  
    tooth structure in deepest area 
  (25) (30) (30)
 T External outline moderately Moderate areas of stain Moderate amount of caries left in 
 Clinically Acceptable, over/underextended for remaining at DEJ (10-50%  deepest, most axial or pulpal part 
 Modifications extent of caries of DEJ) in non-critical area of preparation 
  Preferred   Excessive removal of tooth 
    structure or caries in deepest area 
  (10) (15) (15)
 V External outline severely Extensive areas of stain Extensive amount of caries left in 
 Clinically Unacceptable:  over/underextended for remaining at DEJ (>50%) deepest, most axial or pulpal part 
 Repeat Procedure or extent of caries Stain at DEJ in critical area of preparation 
 Major Modifications  Caries remaining at DEJ All caries removed too soon or 
 Necessary   severe overcutting of tooth  
    structure in deepest area 
  (0) (0) (0)
Note: Points available for each assessment appear in parentheses below criteria. 
January 2017 ■ Journal of Dental Education 91
assessments. This IT application is a web-based 
form requiring each assessor to access a computer 
with a Google Chrome Browser. Minimal training 
was needed to access and run this IT application 
because the application appeared as a simple online 
survey following student or faculty log-in with their 
unique username and password. The training to run 
the Google form took place prior to the start of the 
assessment process, taking approximately ten min-
utes. This IT application was developed to automati-
cally identify assessor types as scores were entered 
independently. Using this system, immediately after 
the assessment period, a compilation of scores and 
feedback for each student was individually sent to 
each in an email summary. This process provided 
immediate opportunity for students to reflect on their 
scores and feedback. 
Interrater agreement was determined through 
calculation of percentage agreements in scoring 
between SA and EA for both formative and summa-
tive assessments. Interrater agreement is considered 
to be good when a high proportion of ratees receive 
the same score, as was anticipated to be a possibil-
ity in this study.19 Descriptive data were collected to 
outcome and a student failure based on the grading 
criteria applied from the rubric in Table 1. 
The SGSP offered an opportunity for self-
assessment of skill development overall, as students 
aimed to move their independent self-assessment 
scores closer to that of the experts. A suggested for-
mat, including criteria in which improvement was 
needed and an action plan to improve skills, was 
provided to the cohort (Table 2). Students’ SGSPs 
were submitted online 72 hours after the formative 
assessment. Students were also advised to bring their 
SGSPs to the following lab sessions to share with 
peers and experts for further feedback and guidance. 
Data Collection and Analysis
All assessment scores and feedback were 
collected with a Google form application allowing 
real-time score and feedback collection during the 
assessment period. The Google form is an application 
built and run on the Google Script platform with open 
source code developed internally at the University 
of Michigan School of Dentistry. This code was 
developed specifically for this assessment; a similar 
code has been developed internally for use in other 
Figure 2. Examples of clinical outcomes based on grading criteria 
Note: Panels A, at two angles, show a student’s ideal clinical outcome in which an R was granted on all three grading criteria according 
to the rubric in Table 1. Panels B, at two angles, show a student’s failed clinical outcome, in which a V was granted for caries removal at 
the DEJ and in dentin. Examples of S and T are not shown because they generally require tactile assessment.
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for each of the grading criteria between assessment 
periods (Table 3). 
Interrater agreement between the SA and EA 
increased significantly in the scoring from the for-
mative to the summative assessment: from a 28% 
agreement in the formative assessment to a 60% 
agreement in the summative assessment, showing 
a 114% change in agreement between assessment 
periods. Significance in this percentage shift between 
assessments was seen with a McNemar score of 0.26 
(p<0.001) (Table 4).
Discussion 
The aim of this study was to measure the 
validity of using a defined reflective process involv-
ing an MSA tool for building skill in dental student 
self-evaluation of the same procedure. There were 
significant findings in this study concerning the rela-
tionship between dental students’ reflection on MSA 
feedback in an SGSP and skill in self-evaluation over 
a two-week period between formative and summative 
assessments. The results of this study led us to reject 
our null hypothesis. 
We observed a lack of agreement between 
student assessors (both SA and PA) and EA in the 
formative assessment, while observing a significant 
determine any change in grade classification between 
formative and summative assessments for all assessor 
groups. Interrater agreement was measured among 
three assessor groups (SA, PA, and EA) in the forma-
tive assessment and between two assessor groups (SA 
and EA) in the summative assessment for the same 
cohort of students two weeks apart. Validity of using 
the described reflective process for improvement of 
skill in self-assessment was determined by measuring 
significance of any positive shifts in assessor agree-
ment with the McNemar’s test applied to complete 
assessments, where significance was determined for 
p≤0.05. 
Results 
Whereas 104 students participated in the for-
mative and summative assessments, there were 101 
data sets for SA, PA, and EA scores in the formative 
assessment and 104 data sets for SA and EA scores 
in the summative assessment. Descriptive data, in the 
form of percentages of each grade provided by each 
assessor group (SA, PA, EA), determined positive 
shifts for self- and expert assessor groups in grading 
classifications (R=clinically ideal, S=clinically sat-
isfactory, T=clinically acceptable after modification, 
V=not clinically acceptable and must be repeated) 
Table 2. Template and example of student self-generated study plan (SGSP)
Grading Criteria Focus Timeline Exercise Description
Appropriate convenience 10/22 5 pm  I will mount more natural teeth into stone. Once these teeth set into 
form (after Dent 519 lab  the stone, I will practice creating appropriately sized external outlines.  
 session) I will do this because I realize that shape and depth of a caries lesion 
 10/24 3:00 pm will vary dramatically from tooth to tooth. By practicing on multiple 
  teeth, I am certain I will become more aware of when I have actually 
  overextended my external outline. Also, to prevent myself from 
  overextending my external outline, I will remove the tooth structures 
  very slowly and will more constantly check to see if the external 
  outline form is adequate for the corresponding caries lesion.
Caries removal at DEJ 10/22 5:30 pm  I will first use the high-speed handpiece to make any last 
 (after I’ve practiced  adjustments to the convenience form. Then, I will practice removing 
 creating many correct  caries at the DEJ. 
 convenience forms)  Furthermore, I will use the spoon excavator to feel the different tooth 
 10/24 4:00 pm surfaces (like infected dentin, sound dentin, enamel, etc.) such that I 
  can calibrate how each feels.
Caries removal in dentin 10/22 7:00 pm  During the caries removal formative practical, I was uncertain if 
 10/24 4:00 pm I had exposed the pulp. Thus, during these practice sessions I’ve  
  scheduled for myself, I will deliberately drill into the pulp chamber  
  and the pulp canal to visually see how the connective tissue differs  
  from the rest of the tooth with respect to color and texture. I will  
  use the slow-speed handpiece to calibrate how soft this tissue is  
  compared to other tooth structures. During this step, I will also try to  
  use the spoon excavator to help determine whether all the infected  
  dentin has been removed.
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formative assessment gave higher grades than both 
SA and EA. Grading criteria of caries removal at the 
DEJ showed an interrater agreement between SA 
and EA (McNemar score of 0.13; p=0.05) between 
assessment periods.
There appeared to be no particular trend in 
interrater agreement involving peer assessment. 
Where interrater agreement among SA, PA, and EA 
was poor for the formative assessment, the benefit of 
the students’ applying critical thinking in their role 
as PA theoretically added strength to the reflective 
learning process and may have contributed to the 
positive shift in interrater agreement for the SA and 
EA between assessment periods. As appropriate and 
effective clinical assessment requires assessors to 
identify and apply clear grading criteria, Redwood 
et al. found that students’ ability to apply assessment 
criteria and retain fundamental clinical concepts over 
time improved with ongoing self-assessment and 
tutor feedback throughout the first year of a dental 
curriculum.20 This finding supports the theory that 
reflection on learning experiences and skill-building 
increase in interrater agreement between SA and 
EA after the two-week period between assessments. 
These results indicate that students improved their 
ability to self-assess when having the opportunity 
to reflect on independent feedback from multiple 
sources and apply critical thinking in the process of 
producing their SGSPs. Interestingly, while there 
was great discrepancy in assessor agreement for the 
grading criteria concerning convenience form in the 
formative assessment, a significant improvement in 
agreement was seen for convenience form (McNemar 
score of 0.27; p<0.001). In general, expert scores 
were higher for these grading criteria, where SA 
were much harder on scoring compared to EA and 
PA. Also, while the peer scores tended to be closer 
to the experts in the criteria looking at convenience 
form, the peer scores were very high compared to 
both SA and EA for the removal of caries at the DEJ 
and were closer to the expert for caries removal in 
dentin. Furthermore, the experts were overall less 
satisfied with the students’ ability to remove caries 
at the DEJ than the students were, where peers in the 
Table 3. Validity of using multi-assessment tool for improving clinical performance and skill in self-assessment
  Convenience Form Caries Removal at DEJ Caries Removal in Dentin
Grade Self Peer Expert Self Peer Expert Self Peer Expert
Formative         
 R 59.6% 84.6% 89.4% 75.0% 82.7% 66.3% 67.3% 76.0% 76.9%
 S 35.6% 10.6% 9.6% 22.1% 13.5% 22.1% 27.9% 21.2% 19.2%
 T 2.9% 1.0% 1.0% 1.0% 1.0% 6.7% 2.9% 1.9% 1.9%
 V 0 1.0% 0 0 1.0% 4.8% 1.0% 0 1.9%
 Number 102 101 104 102 102 104 103 103 104
Summative          
 R 90.4% – 95.2% 83.7% – 77.9% 82.7% – 82.7%
 S 9.6% – 4.8% 16.3% – 21.2% 17.3% – 17.3%
 T 0 – 0 0 – 1.0% 0 – 0
 V 0 – 0 0 – 0 0 – 0
 Number 104  104 104  104 104  104
Note: Positive shifts were noted in percentage of grade type (RSTV) provided for each grading criterion by each assessor group (self, 
peer, expert) between assessment periods two weeks apart. (See Table 1 for definition of and criteria for each grade.) Total respondents 
listed for each category. Percentages may not total 100% due to incomplete responses. Incomplete responses were found in less than 
3% of student assessor population for the formative assessment only.
Table 4. Interrater agreement
    McNemar’s Test 
Grading Criteria Formative Summative % Change  (p-value)
Convenience form 59% 86% 46% 0.27 (p<0.001)
Caries removal at DEJ 59% 71% 20% 0.13 (p=0.05)
Caries removal in dentin 62% 81% 31% 0.19 (p<0.01)
Global score 28% 60% 114% 0.26 (p<0.001)
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A third limitation of this study was the design of 
the rubric, which some found confusing at first glance 
and needed practice in applying. One particular field 
that often needed explanation was the S category 
(clinically acceptable) of the grading criteria for 
external outline form. The notation “slightly over/
underextended for extent of caries” was difficult to 
interpret for some and would have been better de-
fined as “slightly over- or underextended for extent 
of caries.” 
Conclusion 
This study found that students’ self-assessment 
moved closer to the expert’s gold standard after they 
were given the opportunity to reflect on independent 
feedback from three assessor types (SA, PA, EA) in 
an SGSP. Interrater agreement showed significant 
positive shifts from formative assessment to summa-
tive assessment for these first-year dental students. 
These findings support the validity of using forma-
tive MSA feedback and an SGSP for the purpose of 
improving first-year dental students’ self-assessment. 
The results of this study based on application of a 
novel IT system for assessment data collection and 
summary promote advancement in clinical assess-
ment development and students’ reflective learning 
process associated with multisource assessment.
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